Background: Patient information leaflets (PILs) are often used to reinforce and provide further information relating to treatment choices, risks, and alternatives. An assessment of the quality of commonly used orthodontic patient information leaflets is lacking. Methods: A cross-sectional assessment of patient information leaflets from two international orthodontic societies was undertaken. The quality of each leaflet was assessed using the DISCERN instrument. The readability of each leaflet was assessed using the Flesch Reading Ease instrument, Flesch-Kincaid Grade Level and Simple Measure of Gobbledygook (SMOG) index. Descriptive statistics followed by univariate analysis was conducted. Results: Thirty-six patient information leaflets were identified. Reporting of DISCERN instrument items relating to aims, description of sources, details of additional sources, consequences of no treatment, possible treatment options, and support for a shared decision process was of low quality. The overall quality score for the total sample was 44. The median Flesch Reading Ease, Flesch-Kincaid Grade Level, and SMOG index scores were 70 (interquartile range (IQR) 53.3-73.9), 7.2 (IQR 6-9.7), and 7.3 (IQR 6.7-9.1), respectively. There was a significant difference between the quality (−8.00, 95 % CI: −14.62, −1.38, p < 0.001), Flesch Reading Ease (−22.30, 95 % CI: −26.77, 17.83, p < 0.001) and the Flesch-Kincaid Grade Level (3.80, 95 % CI: 2.74, 4.86, p < 0.001) scores between the two societies' PILs.
Background
Supplemental written information is utilised during health-care consultations and can affect health outcomes [1] . It is recommended that verbal information should be supported by written and/or visual information [2] . The importance of this is highlighted by the finding that patient's retention of information conveyed during health-care consultations can be limited and variable [3, 4] . Patient information leaflets (PILs) are frequently used during orthodontic consultations. The benefits of PILs include increased retention of clinical information [4] , improved patient communication and satisfaction [5] , and potential reduction in patient anxiety [6] . PILs may also contribute to the informed consent process [7] . The importance of informing of patients of the material risks involved in treatment and reasonable alternatives has been recently highlighted [8] .
Despite their perceived benefits, PILs are underutilised and poorly written [1] . It is imperative that health professionals are aware of the accuracy, quality, and limitations of PILs that they use [9] . PILs should also be based on the most current scientific evidence [10] . The DIS-CERN instrument is a reliable and valid tool developed to allow both providers of health care and patients to assess the quality of written information relating to treatment choices [10] .
Effective PILs are those which are accessible, easily understood by a wide-ranging readership and designed at the appropriate reading age [1] . The Flesch Reading Ease [11] and the Flesch-Kincaid Grade Level [12] are valid and reproducible methods of assessing both readability and level of comprehension difficulty. A weighted score for both readability and reading age is calculated using the number of words and sentence length of a piece of text. The average reading age of the US and UK populations is the eighth grade (13-14 years old) and patient information should be aimed approximately at grade 6 and not exceed a reading age of 12 [1, 13] .
An assessment of the quality of orthodontic PILs has not been previously undertaken. The primary aim of this study was to evaluate the quality of orthodontic PILs with reference to the DISCERN instrument. A secondary aim was to assess the readability of each patient information leaflet. The null hypothesis of this study was that there is no difference in the quality as assessed using the DISCERN instrument and readability of orthodontic PILs.
Methods
The most recent electronic versions of orthodontic PILs were identified from two international orthodontic societies, British Orthodontic Society (BOS) and American Association of Orthodontists (AAO). Two investigators (LC and LB) screened potentially relevant PILs independently, and any disagreements were resolved by discussion with a third author (JS) to reach a consensus. The investigators (LC and LB) were calibrated by assessing the reporting of five PILs together by referring directly to the DISCERN instrument [10] and the associated explanation. Inter-examiner reliability was assessed (mean difference 0.163).
The DISCERN instrument comprises of a 16-item questionnaire, divided into three domains: reliability (items 1-8), specific information related to treatment choices (items 9-15), and an overall rating of the quality (item 16) of the publication. Each item is rated on a fivepoint scale from 1 (low quality with serious or extensive shortcomings) to 5 (high quality with minimal shortcomings). Each item on the DISCERN instrument for individual PILs was scored independently by two authors (LC and LB) producing an overall score for each PIL. Disagreements were resolved by consulting with a third author (JS). Similar to previous research [14] , a summative score from questions 1 to 15 was obtained giving a total score of ranging between 15 and 75, where a score of 15 was deemed very poor quality and 75 was very high quality. All data were collected using a prespecified data collection form. One author (LC) assessed the readability of the PILs. The entire text from the pdf versions of each PIL was copied into a Word (Microsoft office, Version 15.13.1) document. These Word documents were cross-checked against the pdf versions to ensure completeness. The text was then imported into an online tool (www.readability-score.com). The following assessment methods/formulae were used to assess readability and reading grade level: Flesch Reading Ease [11] , Flesch-Kincaid Grade Level [12] and Simple Measure of Gobbledygook (SMOG) index [15] . The Flesch readability tools utilise the sentence length (number of words per sentence) and the number of syllables per word in specific equations with different weighting factors to calculate the reading ease and grade level respectively. Similarly, in the SMOG index, 30 sentences (ten from the beginning, middle and near the end) from the identified reading material are selected. Within these sentences every word with three of more syllables is identified. The total number of words in the material is also calculated. Using these variables, either the SMOG conversion table or equation is used to calculate the reading level. The Flesch Reading Ease score has a range of 0 to 100, where 0 represents a very difficult passage to read and 100 a very simple one [16] . The overall readability of a PIL based on the Flesch Reading Ease score was classified as difficult (score below 50), fairly difficult (score above 60) and comfortable reading text (score above 80) [17] .
Statistical analysis
Descriptive statistics for individual reporting items and each PIL were calculated. The calculated score was nonnormally distributed. Univariate median regression was implemented to identify characteristics associated with mean score. A two-tailed p value of 0.05 was considered statistically significant and analyses were performed using STATA 12.1 (Stata Corporation, College Station, Texas, USA).
Results
A total of 36 (21 BOS and 15 AAO) orthodontic patient leaflets were identified and included in this study. The ratings of individual DISCERN items are shown in Table 1 . For item 16 (overall quality rating), the most frequent score achieved was 3 (50.0 %) followed by 4 (44.4 %). No patient information leaflet achieved a rating of 5. The summative quality score for each orthodontic PIL is shown in Table 2 . The average overall quality score for the total sample was 44. The median score for BOS and AAO PILs was 47 (interquartile range (IQR) 40-50) and 39 (IQR 36-45), respectively. There was a significant difference in the quality scores between BOS and AAO PILs, with lower scores achieved by AAO PILs compared to BOS PILs (−8.00, 95 % CI: −14.62, −1.38, p < 0.001) ( Table 3) .
For the total sample, the median Flesch Reading Ease, Flesch-Kincaid Grade Level, and SMOG index scores were 70 (IQR 53.3-73.9), 7.2 (IQR 6-9.7), and 7.3 (IQR 6.7-9.1) respectively. The median Flesch Reading Ease, Flesch-Kincaid Grade Level, and SMOG index scores for both BOS and AAO PILs are shown in Table 4 
Discussion
It is paramount that written information should be focused at those who would most benefit from them as part of their planned health care and clinicians who utilise this information are confident of its quality [1] . The DISCERN instrument has been developed to aid the production of high-quality evidence-based consumer information by setting standards and providing a reference point for authors [10] . The primary aim of this study was to assess the quality of orthodontic PILs with reference to the DISCERN instrument. When assessed in relation to the DISCERN instrument the quality of PILs used in both medical and dental specialties has been reported to be sub-optimal [14, 16, 17] . The secondary aim was to assess both readability and reading age of PILs. Both variables have been investigated previously in both medical and dental literature with a large variance reported [13, 14, [18] [19] [20] .
Based on the overall summative score and most frequent score for item 16 (overall quality rating) of the DISCERN instrument, the orthodontic PILs included in this study were deemed to be of moderate quality. The mean overall quality score for the total sample was 44 which is comparable to mean quality score of medical PILs of 35.2 reported by Rees et al. [14] . Similarly, no patient information leaflet achieved a rating of 5 for overall quality (item 16), which is consistent with previous studies [14] . PILs produced by the BOS were of higher quality compared to AAO. Our study has also highlighted deficiencies in the quality of PILs in relation to particular items of the DISCERN instrument. Items assessed as low quality included description of aims (47.2 %), description of sources (100 %), details of additional sources (69.4 %), consequences of no treatment (50 %), possible treatment options (38.8 %), and support for a shared decision process (61.1 %). Similar findings have been reported in an assessment of dental PILs. Lewis and Newton [16] reported deficiencies in reporting aims, reference to sources of information or date of production, risks of treatment, effect of choosing not to have treatment, effect of treatment on overall quality of life, and support for shared decision-making. As part of the informed consent process, patients should now be informed of potential material risks of treatment [8] . PILs have been reported to contribute to the informed consent process [7] . However, in relation to the DISCERN instrument, orthodontic PILs appear to be lacking sufficient information relating to treatment options, consequences of no treatment and support for shared decision-making which may affect the validity of the consenting process.
The readability of written material should not exceed the reading age of 12 years old and for US and UK populations ideally be aimed at eighth grade (13-14 years old) and grades 5-6 (10-11 years old), respectively [1, 13] . Previous investigations of dental practice leaflets readability have found leaflets to be difficult to read with a mean Flesch Reading Ease level ranging between 55.2 (SD 12.5) and 72.19 (SD 4.75) [16, 18] . Similarly, UK hospital patient information leaflets have been assessed to have a mean Flesch-Kincaid reading grade of 7.8 and deemed to exceed the comprehension of readers [13] .
In this study, the median Flesch Reading Ease, FleschKincaid Grade Level, and SMOG index scores were 70 (IQR 53.3-73.9), 7.2 (IQR 6-9.7), and 7.3 (IQR 6.7-9.1) respectively. In relation to the UK population this suggests the PILs included in this study are written at not the appropriate reading age and are fairly difficult to read. Differences between the readability of PILs from the two societies were also detected. In comparison to the BOS PILs, the AAO PILs achieved lower Flesch Reading Ease scores (−22.30, 95 % CI: −26.77, 17.83, p < 0.001) and higher Flesch-Kincaid Grade Level (3.80, 95 % CI: 2.74, 4.86, p < 0.001) and SMOG index (2.60, 95 % CI: 1.82, 3.38, p < 0.001) scores. These findings suggest AAO PILs are fairly difficult to read and aimed at individuals with a higher reading age compared to BOS PILs and the recommended reading age level (Tables 3 and 4) . For the total sample there was no apparent difference between the Flesch-Kincaid Grade Level and SMOG index scores. When the BOS PILs and AAO PILs were compared a slightly lower SMOG score was detected. Previous readability assessments of dental practice leaflets have reported the reverse finding and attributed to this to the higher level of comprehension that is required to validate the SMOG test resulting in a higher score [16] . This apparent disparity confirms that the results of readability formulae only provide an estimate of reading level and should be used as a guide [16] .
The results of this study are very similar to those reported in a previous investigation of the readability of orthodontic PILs [20] . In this study, the mean Flesch Reading Ease score for BOS PILs was 70.8 (SD 4.6) and AAO PILs 43.9 (SD 5.2). The mean Flesch-Kincaid reading grade scores for BOS PILs was 6.6 (SD 0.7) and AAO PILs 10.9 (SD 0.7). This finding may be unsurprising as the majority of PILs included in both studies are the same. However, the results appear to further support the long-term reliability and validity of the Flesch reading tools. The current study was undertaken 10 years after the study conducted by Harwood and Harrison [20] and it appears that improvements to enhance the readability of PILs have not been implemented. All patient information leaflets from two orthodontic societies were only included in this study which may result in an element of selection bias. The decision to include leaflets from these two societies was based on accessibility. Future studies may include leaflets from additional societies and practices hence presenting a wide-ranging assessment of the quality and readability of orthodontic patient information leaflets. The reliability of readability tools has been previously reported [10] . A disadvantage of readability tools is that the majority are usually based on sentence length, syllable count, or vocabulary indexes. A potential bias could be introduced into the findings as a short word could score well using a measure of readability but is not a word that is widely used or understood [1] . To account for this, an evaluation of both readability and comprehension is recommended [1] . In addition, the qualitative score from a lay assessor may also be considered in the assessment of the quality of patient information leaflets. The translation of complex dental/medical terminology into lay terms may not be fully achievable without changing the meaning of the words. A certain degree of health-care terminology may have to be maintained in PILs hence this may result in variation of readability scores when assessed.
Conclusions
In relation to the DISCERN instrument, the findings of this study have highlighted shortcomings in the quality of orthodontic patient information leaflets. Overall, the quality of patient information leaflets was deemed of moderate quality. However, patient information leaflets produced by the British Orthodontic Society were assessed as higher quality, more readable and designed at the appropriate reading age for the UK population. When using orthodontic patient information leaflets, clinicians may wish to consider providing additional/supplemental information relating to information on consequences of no treatment, possible treatment options and support for a shared decision process. 
